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(57)Abstract: 

PURPOSE: To unify a high speed photodiode and an N- 
P-N transistor. 

CONSTITUTION: A non-doped first epitaxial layer 24 of 
high resistivity is formed on a P-type substrate 23 and a 
non-doped second epitaxial layer 25 of high resistivity is 
formed on the layer 24. N-type impurities are diffused 
into the surface of the second epitaxial layer 25 to form 
the collector region 36 of a N— P— N transistor 22. The 2vr 
N+-type cathode region 31 of a photodiode 21 is formed 
in the surface of the second epitaxial layer 25 by emitter 
diffusion. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st epitaxial layer of one conductivity type which has the high specific resistance 
of at least 200 or more ohm-cm formed on the semi-conductor substrate of one conductivity 
type, and said substrate, The 2nd epitaxial layer of one conductivity type which has the high 
specific resistance of at least 200 or more ohm-cm formed on said 1st epitaxial layer, The 
isolation region of one conductivity type which reaches said substrate from the front face of said 
2nd epitaxial layer, Two or more island fields separated in said isolation region, and the 
embedding layer of the reverse conductivity type embedded on the boundary of the 1st and the 
2nd epitaxial layer of said island field, The collector field of the reverse conductivity type formed 
in the front face of the 2nd epitaxial layer of said island field, The optical semiconductor device 
characterized by providing the base region of one conductivity type formed in the front face of 
said collector field, the emitter region of the reverse conductivity type formed in the front face 
of said base region, and the cathode field of the reverse conductivity type of photo diode formed 
in the front face of another island field. 

[Claim 2] The process which forms the 1st epitaxial layer with a non dope on a 1 conductivity- 
type semi-conductor substrate, The process which forms the 2nd epitaxial layer with a non dope 
on said 1st epitaxial layer, The process which forms the collector field of the reverse 
conductivity type of a bipolar transistor in the front face of said 2nd epitaxial layer, The process 
which forms the base region of one conductivity type of a bipolar transistor in the front face of 
said collector field, The manufacture approach of the optical semiconductor device characterized 
by providing the process which forms the emitter region of the reverse conductivity type of a 
bipolar transistor in the front face of said base region, and forms the cathode field of photo diode 
in the front face of said 2nd epitaxial layer at coincidence. 

[Claim 3] Said semi-conductor substrate is the manufacture approach of the optical 
semiconductor device according to claim 2 characterized by specific resistance being 40 - 60 
ohm-cm. 

[Claim 4] The optical semiconductor device according to claim 1 characterized by introducing 
into the substrate front face of said photo diode section the impurity of the reverse conductivity 
type which offsets the impurity of said substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical semiconductor device which unified 

photo diode and a bipolar IC. 

[0002] 

[Description of the Prior Art] Unlike what made the photo detector and the circuit element 
separately and hybrid-ICHzed them, the optical semiconductor device which unified the photo 
detector and the circumference circuit and was formed in the monolithic can expect a cost cut, 
and has the merit of being strong, to the noise by external electromagnetic field. 
[0003] As conventional structure of such an optical semiconductor device, what was indicated 
by JP,1-205564,A is well-known. This is shown in drawing 9 . this drawing — setting — (1) — 
the semi-conductor substrate of P type, and (2) — for P+ mold isolation region and (5), as for 
N+ mold embedding layer and (7), N+ mold diffusion field and (6) are [ the epitaxial layer of P 
type, and (3) / the epitaxial layer of N type, and (4) / a P type base region and (8) ] N+ mold 
emitter regions. Photo diode (9) is formed by the PN junction of a P type epitaxial layer (2) and 
an N type epitaxial layer (3), and N+ mold diffusion field (5) is made into cathode drawing, and it 
makes an isolation region (4) anode drawing. An NPN transistor (10) is embedded on the 
boundary of a P type epitaxial layer (2) and an N type epitaxial layer (3), prepares a layer (6), and 
uses an N type epitaxial layer (3) as a collector. And drift potential is formed by the auto dope 
layer (11) from a substrate (1), and migration of the carrier generated in the field of a deep part 
from the depletion layer is made easy. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it is desirable to expand the width of face 
of a depletion layer in respect of the high-speed responsibility of photo diode (9), and to control 
a generation-depletion layer outside generation of carriers. With the structure of drawing 10 f 
since a depletion layer was not able to spread easily since an N type epitaxial layer (3) is the 
high impurity concentration desired as a collector of an NPN transistor (10), and a P type 
epitaxial layer (2) had an auto dope layer (1 1) by the thermal diffusion of the boron (B) from a 
substrate (1), there was a fault even with a substrate (1) difficult to extend a depletion layer. 
[0005] Since it would be polluted as a still manufacture-problem with the acceptor impurity 
which the inside of equipment supplied if it is going to form a P type epitaxial layer (2), with the 
equipment for N type epitaxial, it had to dissociate and there was a fault with difficult common- 
use-izing of Rhine with other bipolar ICs. 
[0006] 

[Means for Solving the Problem] The 1st and the 2nd epitaxial layer (24) of high specific 
resistance, and (25) which accomplished this invention in view of the conventional fault 
mentioned above, and were formed on the substrate (23), The isolation region which separates 
the 1st, the 2nd epitaxial layer (24), and (25) (26), The collector field of the N type formed in the 
front face of the 2nd epitaxial layer (25) (36), The base region (37) and emitter region (38) which 
constitute an NPN transistor (21), The optical semiconductor device which made an NPN 
transistor (22) and high-speed photo diode (21) live together is offered by providing N+ cathode 
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field (31) of the photo diode (21) formed in the front face of the 2nd epitaxial layer (25). 

[0007] Moreover, as a process-description, it makes to form the 1st, the 2nd epitaxial layer (24), 

and (25) with a non dope into a main point. 

[0008] 

[Function] According to this invention, since both the 1st, the 2nd epitaxial layer (24), and (25) 
were used as the high specific resistance layer, a depletion layer with thick extent equal to the 
sum of both thickness can be obtained. Moreover, by forming with a non dope, a controllability is 
good for stability, there is also no contamination of equipment, and a high specific resistance 
layer can be carried out. 
[0009] 

[Example] One example of this invention is explained below at a detail, referring to a drawing. 
Drawing 1 is the sectional view of IC incorporating photo diode (21) and an NPN transistor (22). 
In this drawing, the 1st epitaxial layer of with a thickness [ 15-20micro ] which formed (23) on 
the substrate (23) with the single-crystal-silicon semi-conductor substrate of P type, and 
formed (24) by vapor growth P type, and (25) are the 2nd epitaxial layer of with a thickness [ 4- 
6micro ] formed by vapor growth on the 1st epitaxial layer (24) P type. It is at the completion 
time after a substrate (23) gives heat treatment for forming 1000 - 1500 ohm-cm and a diffusion 
field in the time of a laminating by carrying out the laminating of the 1st epitaxial layer (24) with 
a non dope using the thing of the specific resistance of 40 - 60 ohm-cm with high impurity 
concentration lower than the thing (2-4 ohm-cm) of a common bipolar IC, and has the specific 
resistance of 200 - 1500 ohm-cm. The 2nd epitaxial layer (25) is similarly at the completion time, 
and has the specific resistance of 200 - 1500 ohm-cm. The specific resistance of the epitaxial 
layer used with the usual bipolar IC is 1.0 - 2.0 ohm-cm. 

[0010] The 1st, the 2nd epitaxial layer (24), and (25) are electrically divided into a photo diode 
(21) formation part and an NPN transistor (22) formation part by P+ mold isolation region (26) 
which penetrates both completely. The 1st isolation region which diffused this isolation region 
(26) in the vertical direction from the substrate (23) front face (27), The 2nd isolation region 
diffused in the vertical direction from the boundary of the 1st, the 2nd epitaxial layer (24), and 
(25) (28), It consists of the 3rd isolation region (29) formed from the 2nd epitaxial layer (25) front 
face, and the 1st, the 2nd epitaxial layer (24), and (25) are divided into an island-like field 
because three persons connect. 

[001 1] N+ mold diffusion field (31) used as cathode drawing of photo diode (21) is formed in the 
2nd epitaxial layer (25) front face of the photo diode (21) section all over abbreviation. The front 
face of the 2nd epitaxial layer (25) is covered with an oxide film (32), and a cathode electrode 
(33) contacts N+ mold diffusion field (31) through the contact hole which punctured the oxide 
film (32) partially. Moreover, an anode electrode (34) contacts on the surface of an isolation 
region (26) considering an isolation region (26) as an anode side low resistance ejection field of 
photo diode (21). 

[0012] The embedding layer (35) of N+ mold is embedded in the boundary section of the 1st and 
the 2nd epitaxial layer (24) of the NPN transistor (22) section, and (25). It is formed in the upper 
embedding layer (35) 2nd epitaxial layer (25) front face so that the collector field (36) of the N 
type which increases and serves as a collector of an NPN transistor (22) may embed the specific 
resistance of the 2nd epitaxial layer (25) and it may be connected with a layer (35). The base 
region (37) of the P type of an NPN transistor (22), the emitter region (38) of N+ mold, and the 
collector KONTATO field (39) of N+ mold are formed in the front face of a collector field (36). 
When aluminum electrode (40) contacts on each diffusion field and aluminum wiring which 
extends an oxide-film (32) top and which is not illustrated connects each component, an NPN 
transistor (22) constitutes [ photo diode (21) ] a digital disposal circuit for the lightwave signal 
input section with other components. 

[0013] The photo diode (21) in **** structure is operated in the state of the reverse bias to 
which the Vcc potential like +5V was impressed to the cathode electrode (33), and it impressed 
GND potential to the anode electrode (34). Since the 1st, the 2nd epitaxial layer (24), and (25) 
were used as the P type quantity specific resistance layer In the 1st, and the 2nd epitaxial layer 
(24) and (25), if the above-mentioned reverse bias is given, a depletion layer will spread greatly 
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from N+ cathode field (31) and a plane of composition with the 2nd epitaxial layer (25). The 
thickness reaches the thickness (20-30micro) of extent equal to the sum of the thickness of the 
1st, the 2nd epitaxial layer (24), and (25). 

[0014] If the optical incidence like the wavelength of 800nm is in the photo diode (21) section, 
incident light will be attained from a silicon front face to a depth of 20micro or more. An optical 
generation carrier is generated by this incident light, and it becomes a photocurrent by migration 
of a carrier. Said optical generation generation of carriers is divided roughly into the generation 
carrier in a depletion layer generated within a depletion layer, and the generation-depletion layer 
outside carrier generated out of a depletion layer. The generation carrier in a depletion layer is 
movable in an instant, when electric field lengthen, but a response becomes blunt in order that 
migration may twist a generation-depletion layer outside carrier to diffusion. Since incident light 
is received by the thick depletion layer which spreads in the 1st, and the 2nd epitaxial layer (24) 
and (25) of the whole according to the configuration of this application, the most can be changed 
into the generation carrier in a depletion layer, and the high-speed response of photo diode (21) 
is enabled. In addition, since N+ cathode field (31) was formed in the shallow (0.3-1 .Omicro) field 
by emitter diffusion by high concentration, there are few amounts of generation-depletion layer 
outside generation of carrierses in a cathode field (31). And since it is high concentration, the 
optical generation carrier generated in the cathode field (31) can be ******(ed), or can be 
extremely given to a cathode electrode (31) in a short time. Therefore, the delay current by 
spreading diffusion is very small. 

[0015] Furthermore, since P+ isolation region (26) is made into anode drawing and diffusion 
formation of the isolation region (26) is carried out even at the substrate (23) deep part, anode 
drawing resistance is small. Since one NPN transistor (22) can be set as the high impurity 
concentration which was suitable for the collector with the collector field (36) formed in the 2nd 
epitaxial layer (25), it can satisfy transistor characteristics. And since it will end if N type 
reversal of the 2nd epitaxial layer (25) is carried out by using two-step epitaxial, diffusion heat 
treatment time amount does not need to become extremely long. 

[0016] Therefore, according to this invention structure, unification coexistence of high-speed 
photo diode (21) and a high-speed NPN transistor (22) can be carried out. The structure of 
drawing 1 can be manufactured according to the following processes. With reference to drawing 
2 (a), specific resistance prepares the P type silicon single crystal substrate (23) of 40 - 60 
ohm-cm. When carrying out another example mentioned later, the ion implantation of Lynn (P) is 
carried out to the whole surface or a selection target in this phase. 

[0017] With reference to drawing 2 (b), a substrate (23) front face is oxidized thermally, an oxide 
film is formed, and photoetching of this oxide film is carried out. Selective diffusion of the boron 
(B) for forming the 1st isolation region (27) of an isolation region (26) by using as a mask the 
oxide film which carried out photoetching is carried out. After removing said oxide film and 
carrying out clarification of the substrate (23) front face with reference to drawing 3 (a), the 1st 
epitaxial layer (24) is formed on a substrate (23). The 1st epitaxial layer (24) is formed in 
thickness (15-20micro) with a non dope by installing a substrate (23) on the susceptor of 
equipment, heating a substrate (23) at about 1 140 degrees C, and carrying out constant-flow 
installation of SiH2CI2 gas and the H2 gas by the lamp or high-frequency heating, within a 
reaction. If non dope growth of the epitaxial layer is carried out, in process [ the ] and an 
epitaxial layer receive supply of the boron (B) which dispersed in the ambient atmosphere from 
the rear face of a substrate (23), and the 1st isolation region (27) or a wafer, and while a silicon 
atom and a boron atom join together, they will grow. Consequently, an epitaxial layer turns into a 
P type layer very near Inn Tori Thicke, and N type reversal must hardly have been carried out. 
Electrical characteristics are completely P type. Specific resistance serves as 200 - 1500 ohm- 
cm, when all processes are completed. 

[0018] The antimony which oxidizes thermally the 1st epitaxial layer (24) front face, forms an 
oxide film with reference to drawing 3 (b), carries out patterning of this oxide film, forms a 
selection mask, and forms N+ mold embedding layer (35) of an NPN transistor (22) is diffused. 
The 1st isolation region (27) is diffused for a while in this heat treatment. With reference to 
drawing 4 , a selection mask is changed and the boron (B) which forms the 2nd isolation region 
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(28) of an isolation region (26) is diffused. And heat treatment is given to the whole substrate 

(23) , performing oxide-film attachment, and both are connected by diffusing the 1st, the 2nd 
isolation region (27), and (28). The 1st isolation region (27) diffuses 8-10micro, and the 6-8micro 

(28) of the 2nd isolation region at this process. 

[0019] After removing completely the oxide film used for selective diffusion with reference to 
drawing 5 , the 2nd epitaxial layer (25) of a non dope is again formed on the 1st epitaxial layer 

(24) at thickness (4-6micro). With reference to drawing 6 , the front face of the 2nd epitaxial 
layer (25) is oxidized thermally, an oxide film is formed, the ion implantation of Lynn (P) is 
alternatively carried out with a resist mask from on an oxide film, and the collector field (36) of 
an NPN transistor (22) is formed. This ion implantation is performed with dose 5x1012cm-2 and 
acceleration voltage 80keV extent. 

[0020] With reference to drawing 7 , said collector field (36) is diffused in the depth (3~5micro) 
by adding 1 100-1200 degrees C and heat treatment of 2 - 3 hours to the whole substrate (23). 
Diffusing the 1st, the 2nd isolation region (27), and (28) in the vertical direction at this process, 
respectively, a collector field (36) reaches N+ embedding layer (35). With reference to drawing 8 , 
patterning of the oxide film on the 2nd front face of an epitaxial layer (25) is carried out, a 
selection mask is formed, and the 3rd isolation region (29) is formed in the depth (2-3micro) by 
carrying out thermal diffusion of the boron (B). The 1 st - the 3rd isolation region (27), (28), and 

(29) connect at this process, an isolation region (26) is formed, and the 1 st, the 2nd epitaxial 
layer (24), and (25) are electrically separated in the shape of an island. 

[0021] With reference to drawing 9 , the ion implantation of the boron (B) is alternatively carried 
out from the front face of the 2nd epitaxial layer (25). And thermal diffusion of the boron which 
carried out the ion implantation is carried out, and the base region (37) of an NPN transistor (22) 
is formed. Then, thermal diffusion of Lynn (P) is alternatively carried out to the front face of the 
2nd epitaxial layer (25), and coincidence formation of N+ mold emitter region (38) of an NPN 
transistor (22), a collector contact field (39), and the N+ mold cathode field (31) of photo diode 
(21) is carried out. Then, the structure of drawing 1 is acquired by forming aluminum electrode 
on each field by deposition and patterning of aluminum. 

[0022] According to the manufacture approach of this invention, the P type layer of high specific 
resistance can be easily obtained by forming with a non dope above. And since it can carry out 
only by suspending supply of an impurity using the equipment for N type epitaxial used with the 
usual bipolar IC, control of specific resistance is easy and does not pollute the interior of 
equipment with a P type impurity. Also in the structure of this application, and the manufacture 
approach, it is possible that the boron (B) of a substrate (23) forms the P type layer (auto dope 
layer) which is upwards and suppresses expansion of a riser depletion layer by thermal diffusion 
like the conventional example. However, since the direction which a P type layer superimposes 
on a non dope layer does not need to become high rather than a P type layer is overlapped on a 
P type layer, as for control of a depletion layer, high impurity concentration becomes small. 
Since high impurity concentration is small when the substrate of comparatively low high impurity 
concentration of 40 - 60 ohm-cm (23) is used as a substrate (23), the above can make still 
smaller the amount which has been and can expand the high specific resistance field which a 
depletion layer expands to near the substrate (23) front face. Increase of the anode ejection 
resistance by having made the substrate (23) into high specific resistance and having controlled 
formation of an auto dope layer has avoided this by forming P+ isolation region (26) so that a 
substrate (23) may be reached. 

[0023] If the ion implantation of the N type impurity for making the substrate (23) front face 
under photo diode (21) offset the high impurity concentration of a substrate (23) is carried out 
as other examples, since a substrate (23) front face will also serve as a high specific resistance 
layer, the width of face of a depletion layer is further expandable. The ion implantation of this 
impurity may be alternatively carried out to the photo diode (21) section, or it may be introduced 
all over a substrate (23). However, since P+ isolation region (26) is made into anode drawing of 
photo diode (21), in order to avoid increase of drawing resistance, the diffusion depth of said 
impurity must not exceed the diffusion depth of the 1st isolation region (27) of an isolation 
region (26). The ion implantation of about one to 5x101 1 Lynn (P) is carried out, and the high 
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impurity concentration on the front face of a substrate (23) is increased from 40 - 60 ohm-cm 
to 200 or more ohm-cm by being spread in each heat treatment and, specifically, it is formed in 
the depth the field of whose is 2-10micro. In addition, the diffusion depth of the 1st isolation 
region (27) is 7-15micro. Moreover, since an offset impurity is diffused also to the 1st epitaxial 
layer (24) side, upwards, it has the effectiveness which offsets the P type layer which has been 
from a substrate (23). 
[0024] 

[Effect of the Invention] Since according to this invention a very thick depletion layer is obtained 
and an NPN transistor (21) increases high impurity concentration by forming an N type collector 
field (36) by carrying out the laminating of the 1st and the 2nd epitaxial layer (24) of high specific 
resistance, and (25) as explained above, it has the advantage which can live high-speed photo 
diode (21) and a high-speed NPN transistor (22) together. 

[0025] And it has the advantage that the P type layer of high specific resistance is obtained 
simply, by forming the 1st, the 2nd epitaxial layer (24), and (25) with a non dope. Since there is 
no need of carrying out N type reversal of the P type layer by the auto dope from a substrate 
(23) etc. further, compared with the case where the N type layer of high specific resistance is 
formed especially, it is clear that the controllability of high impurity concentration is simple. 
Moreover, since it can carry out only by suspending supply of impurity gas using the 
manufacturing installation for N type EPI shaping, operation is simple and does not pollute 
equipment with a P type impurity. 

[0026] Furthermore, by using the substrate of comparatively high specific resistance of 40 - 60 
ohm-cm (23) as a substrate (23), formation of the P type layer by the auto dope can be 
controlled, and it has the advantage which can leave a high specific resistance layer thickly. 
Furthermore, formation of the above-mentioned P type layer can be further controlled by 
carrying out the ion implantation of the offset impurity to the substrate (23) front face, and also 
it has the advantage which can also form the substrate (23) surface section in the high specific 
resistance layer in which a depletion layer spreads. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the optical semiconductor device of this 
invention. 

[Drawing 2] It is the 1st drawing explaining the manufacture approach of drawing 1 . 
[Drawing 3] It is the 2nd drawing explaining the manufacture approach of drawing 1 . 
[Drawing 4] It is the 3rd drawing explaining the manufacture approach of drawing 1 . 
[Drawing 5] It is the 4th drawing explaining the manufacture approach of drawing 1 . 
[Drawing 6] It is the 5th drawing explaining the manufacture approach of drawing 1 . 
[Drawing 7] It is the 6th drawing explaining the manufacture approach of drawing 1 . 
[Drawing 8] It is the 7th drawing explaining the manufacture approach of drawing 1 . 
[Drawing 9] It is the 8th drawing explaining the manufacture approach of drawing 1 . 
[Drawing 101 It is the sectional view showing the conventional example. 
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